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1. Introduction 
 Education has undergone significant changes especially in the area of teaching strategies. The widespread 
use of information and communication technology allows teachers to access a larger variety of resources. 
Furthermore, students may use the Internet as a vast catalogue where information can be searched and used to 
complete the activities proposed by the teacher. The variety of learning scenarios deriving from this change is 
breathtaking. As a consequence, students may now take a much more active role in educational experiences, 
and these experiences can be tailored to their preferences [1]. 
The World Wide Web provides all learners with materials for instruction, and those materials have a 
hypertext structure - similar to the way in which human beings perceive information - to effectively help 
learners understand them. Additionally, the Web has the advantage of providing information quickly and 
easily. As the materials for instruction presented on the Web are easily updated according to necessity or 
purpose, we can easily achieve maximum efficiency. The Web enables us to communicate with anyone, 
anywhere, and at any time by means of a wide variety of materials irrespective of time and place [2]. 
While the Web has these advantages and educational effects, there are some problems. Web-based learning 
system does not provide an effective instruction program that presents materials tailored to the individual; that 
is, all learners are provided with the same instruction content with little consideration of each learner’s 
learning style. It is therefore, worthwhile to develop an instruction program which provides a more efficient 
instruction method for learners. 
This study focuses on presenting the instruction content more individually, and subject to the learners’ 
process and achievement level in learning. An appropriate content is presented after analyzing each learner’s 
individual needs. The aim is then to design and implement a system that can supply the most effective method 
for each learner after consideration of his or her preferred learning styles, though the ultimate goal may be the 
same. The most of adaptive learning system uses learning styles that support learners’ preferences. Bruner’s 
EIS theory [3][4] is popularly applied in mathematics education. Our study applied Bruner’s EIS theory of 
support for adaption instead of the more typical learning styles, such as Vark’s learning’s style [5], Felder-
Silverman’s learning style [6] and Kolb’s learning style [7][8].    
2. Related Works 
 Adaptive instruction refers to educational interventions aimed at effectively accommodating individual 
differences in students while helping each student develop the knowledge and skills required to learn a task. 
Adaptive learning is generally characterized as an educational approach that incorporates alternative 
procedures and strategies for instruction and resource utilization and has the built-in flexibility to permit 
students to take various routes to, and amounts of time for, learning [9][10]. 
Currently, several systems providing adaptation to users’ learning styles have been created [11] [12] [13] [14] 
[15]. Most of the adaptive learning systems that incorporate learning styles are based on the notion that 
matching the learning strategies with the learning styles improves learner performance. Table 1 presents some 
of the existing systems and the learning styles that they implement [16]. 
In ARTHUR [18], iWeaver [12], CS388 [19], and MANIC [20], the adaptation is achieved by providing 
different media representations for each learner. ARTHUR and iWeaver are very similar in choice of learning 
style representation. Auditory representation is achieved using sounds and streaming audio. To appeal to 
visual and kinesthetic learners, puzzles, animations, drag and drop examples, and riddles are used. CS388 uses 
different types of media such as graphs, movies, text, and slideshows. Similarly, MANIC uses graphic and 
textual information. In LSAS (Learning Styles Adaptive System) the sequential learners are provided with 
advanced organizers, maximum instruction and feedback, and more structured lessons. Symmetrically, global 
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learners are guided via overviews and summaries of lessons. In the more recent Tangow and INSPIRE  
systems, adaptation lies in presenting a different sequence of alternative content of the concepts. Most of the 
presented systems, except iWeaver and MANIC, assess learning styles through psychometric questionnaires. 
The disadvantage of this approach is that the learners are classified into stereotypical groups and the 
assumptions about their learning styles are not updated during the following interaction with the system. Our 
system tries to avoid some of these limitations. 
Table 1. Learning styles incorporated into adaptive systems System 
System searning style Base theory
ARTHUR 
visual-interactive, 
auditory-lecture, and text 
Vark 
iWeaver 
auditory, visual, 
kinesthetic, and impulsive 
Dunn 
and Dunn 
CS388 
global-sequential, visual-
verbal, sensing-intuitive, 
and inductive-deductive  
Felder-
Silverman
AEC-ES 
field-dependent, field-
independent 
LSAS global-sequential 
Felder-
Silverman
MANIC graphic-textual 
INSPIRE 
activists, pragmatists, 
reflectors, and theorists 
Kolb 
Tangow sensing-intuitive  
Felder-
Silverman
MOT diverger, converger  Kolb 
OPAL 
activists, pragmatists, 
reflectors, and theorists 
Kolb 
Our system performs on-going diagnosis in order to decide the appropriate learning style and provide 
dynamic adaption.   Referring to individualized instruction in Mathematics education, G. Lenchner proposed 
that all learners differ in preference method when solving problems [17]; that is, each learner follows a 
differing solution to the same question. On the other hand, according to psychologist Jerome Bruner, E, I, S 
represents three ways of understanding mathematical ideas which he called enactive, iconic, and symbolic 
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[3][4]. With due consideration of Bruner and G. Lenchner’s proposals, this study focuses on providing 
learners with instructional content through effective methods, by analyzing the instruction process of learners 
of Mathematics in elementary school.  
3. Design and Implementation of the System 
In this chapter, we will describe the system structure and system operations with screen shots.  As a system 
for this study, the Windows NT Server is set up as the Operating System, IIS (Microsoft) as the Web Server, 
and MS-SQL as the Database.  
When a learner accesses the module for instruction in this system, it verifies whether he or she has ever 
visited it or not. If the learner is ‘revisiting’, the system accesses information on them and continues the 
instruction program on the basis of the learner’s data. With a new visitor, the system stores any input data in 
the Database, and starts the instruction program.  
A new visitor cannot be provided with content for instruction that takes into accounts his or her learning style 
because no data about the learner has yet been accumulated. This learner has to study according to an 
instruction course that is already set up by the system; that is, a fixed instruction level. The learner follows the 
instruction program expressed in ‘explanatory sentences’, ‘numerical formulae’, and ‘vertical lines and 
concrete matters’ after completion of a fixed course and all data from this process is stored in the Database. 
After the required level is reached, the learner’s data accumulated thus far are analyzed in the learning pattern 
analysis module, to provide the learner with individually suited content for instruction.  
In each step of instruction, a learner’s instruction results are rated, and the data from them are analyzed again 
together with the accumulated data to revaluate the best approach and content for instruction. This process 
takes place in an instruction pattern analysis module for each step, and is stored in the Database. 
                            
Fig. 1  Dynamic Learning Process 
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The Dynamic Learning Process Fig. 1 shows the relationship between a learner’s learning history and the 
Database. When a learner chooses the next step for learning after completing one learning step, results of the 
completed learning are stored in the Database. This stored data is analyzed in the Learning Style Analysis 
Module. Through this analysis, learners can be provided with the most effective instruction method from 
styles A, B, and C. 
pnstruction methods are classified into type A, B, and C in the whole process of learning. Type A is an 
instruction method using concrete materials, B uses vertical lines, and C uses explanatory sentences and 
numerical formulae. 
On the other hand, the analysis module analyzes the course that a learner has followed, and his or her level of 
achievement. With a learner’s understanding of the instruction content, dependent in part on which type of 
instruction method is employed, a learner’s achievement level is imposed on the variables of type A, B, and C 
respectively.
Imposed scores are accumulated, and after a fixed instruction step, the most effective instruction content 
among the instruction method types A, B, or C (the content of which are the same) are presented according to 
accumulated scores. 
In other words, learners can be provided with the most effective content, differing from one another in  
accordance with which instruction method is most effective for them,  (although they choose the same level of 
instruction content) through the analysis of their learning process. Learners can, therefore, be provided with 
more advanced individualized instruction.  
If a learner has followed the instruction methods of Fig 2  and Fig 3 (as shown above) that support effective 
methods but provide mixed style courses because the system has not yet been able to analyze and does not 
know what is the best method, and the result of analyzing this process reveals that the instruction method 
expressed in concrete materials is more effective for this learner, he will be provided with instruction content, 
the instruction method of which is expressed in concrete matters, in case he chooses to continue to the next 
step of learning. 
When instruction content named “Addition of two fractions differing in denominators” is chosen, the most   
effective instruction  Fig. 4 among  methods . 
Fig  3  Addition of two proper fractions with the same denominators (An 
Instruction Method expressed in vertical lines) 
 Fig. 2  Addition of two proper fractions with the same denominators 
(An Instruction Method expressed in explanatory sentences and 
numerical formulas) 
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The following Fig. 5 refers to the process whereby a learner’s learning steps are actually analyzed in the 
system. 
As in Fig. 5, the system cannot provide a new learner accessing it for the first time with instruction content that 
takes into consideration learning style because of the absence of any accumulated data about learning style for 
the new learner; therefore, this learner must just follow an initial instruction course similar to existing Web-
based learning system  that is already extant on the system until a fixed level of learning is reached. 
Thus, when a learner begins at instruction 1_3, an introductory section, he learns from “Addition of Proper 
Fractions 1” to “Addition of Proper Fraction 3” with instruction method types A, B, and C. The score made by 
the learner in each instruction step is then accumulated in the Database. A score of 80 might be achieved by 
the learner in instruction 1_3, and it is stored in a variable of type C; a score of 60 in instruction 1_2 is stored 
in a variable of type A. A score of 90 in instruction 2_3 is added to the score of 80 already stored in the 
variable of type C to make an average score of 85. The same process as above is repeated in the instruction 
Fig. 5 An example of learning pattern analysis 
Fig  4 Addition of two fractions differing in denominators (An Instruction 
Method expressed in concrete materials)
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from 2_2 to 3_1.Afterwards, if the learner chooses instruction content “Addition of proper fractions 4”, he is 
provided with instruction 4_3, an instruction method of type C that appears to produce the highest 
achievement level by drawing a comparison of scores among type A = 36, B = 65, and C = 92. When the 
instruction 4_3 is finished, a score of 85 is added to the score of 92 that is already stored in the variable of 
type C to make an average score of 88. Afterwards, in case the learner chooses instruction content, “Addition 
of proper fractions 5”, he is provided with instruction 5_3, an instruction method of type C that, again, 
appears to provide the highest achievement level by drawing a comparison of scores among types A, B, and C 
again. If the learner shows a low achievement level score of 30 in instruction 5_3, this score is also added to 
the score of 88 already stored in variable of C to make a score of 59 on average. If the learner then chooses 
instruction content “Addition of proper fractions 6”, he is provided with instruction 6_2, an instruction 
method of type B that appears to provide the highest achievement level by drawing a comparison of scores 
among types A = 39, B = 65, and C = 59.As indicated above, the learner’s achievement is rated at each step of 
instruction, and it is added to the accumulated data in the Database to find the most effective instruction 
method for him or her. 
4. Conclusion 
This study deals with the development of a system that can find the most effective method with which to 
provide instruction to learners by analyzing their learning process and results. This system has distinguishing 
features that support efficiency. Most existing and adaptive learning systems exhibit some adaption for typical 
learning styles, but our system uses an adaption of Bruner’s EIS theory for mathematics learning. Most 
existing and adaptive learning systems decide upon learning style through the psychometric questionnaires at 
the initial stage; and until the learners complete the course, the learning style is not changed. This system 
supports dynamic adaption through on-going learning diagnosis.  
Expected effects in the application of this system are as follows. 
Firstly, if this system is applied to Distance Education, learners will no longer be provided with the same 
instruction content regardless of personal level; they will instead be offered an instructional content and 
approach that takes into consideration their learning style. Additionally, even if they are studying the same 
content, individualized instruction is possible because the most effective instruction method considers the 
learner’s cognitive processes. 
Secondly, it is almost impossible to provide each student with an individualized and appropriate instruction 
method for him or her in class lessons in the existing educational system. This proposed system, however, can 
maximize the educational effect by presenting individualized content in accordance with which instruction 
method is the most effective for the individual learner. 
In the future, we need study more mathematical diagnosis algorithms and develop more efficient adaptive 
learning systems. We need also to develop adaptive learning systems which will support not only learning 
style but also motivation or other aspects of educational methodology.     
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